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I N T R O D U C T I O N
Location and Area. The area considered in this paper
&covers approximately the southeastern one-eightA of the state of 
Minnesota. It is triangular in shape, with the apex of the tri­
angles at the north near the city of Saint Paul. It is bounded 
roughly on the east by the Mississippi River, on the west by the 
Minnesota River and on the south by the Minnesota-Iowa state line. 
The total area is about 1,000 square miles.
Earlier Geological Work. The geographical position of 
Minnesota is such, that during its early history before railroads 
and highways made it possible to reach the state by land from the 
east, it was the northern limit reached by many explorers, traders 
and adventurers, who came up the Mississippi River by canoes as 
far as the Falls of Saint Anthony. On this account there are a 
large number of journals and accounts of exploration that deal with 
the southern part of Minnesota.
Father Louis Hennepin visited the region about Saint Paul 
in 1680, and discovered the Falls of Saint Anthony, While his de­
scription of the region contains no geology, it is valuable showing 
the impressions of the first explorer who described some of the 
wonderful scenery of the upper Mississippi Valley. Following 
Father Hennepin there were a large number of explorers, most of 
whom were seeking either a passage to the western ocean or rich 
mineral deposits. The accounts of many of these were greatly ex­
aggerated and not wholly trustworthy.
2In 1766 Jonathan Carver, a man of education and training, 
spent more than a year traveling in the region of Saint Paul and 
along the Minnesota River. His descriptions are the earliest re­
liable contributions to the geology, geography and natural history 
of the state*. He describes the Saint Peter sandstone, and the red 
shale, catlinite or pipestone, of the Indians.
Following Capt. Carver were such men as Lieut. Z. M. Pike, 
Major S. S. Long, and Prof. Wm Keating, who made important explora­
tions in this region.
The first work-authorized and carried on for the United 
States Geological Survey, was done in 1834 and 1835 by G. W. Feath- 
erstonhaugh. The report of his studies contains many good geologi­
cal descriptions and conclusions, and was the basis for much of the 
later geological work in this region.
In 1847 the General Land Office wished for more accurate 
information concerning the mineral resources of the Federal domain, 
and D. D. Owen was appointed to make investigations in this region. 
His report contains the first systematic description of the geology 
and of the modern fauna and flora of the State. He corrected many 
prevailing errors, and established on paleontological evidence the 
main divisions of the stratified rocks of Minnesota. He was the 
first to establish the Ordovician (Lower Silurian) age of the rocks 
outcropping along the Mississippi River near Fort Snelling, which 
had heretofore been regarded as Carboniferous. Under the name of 
Protozoic rocks", Owen describes the lower sandstones of the upper 
Mississippi Valley but he did not attempt to correlate them with 
the Potsdam sandstone of New York, apparently regarding them as
3older. The limestones of this region were divided by him into the 
Lower and Upper Magnesian groups, the former group still retains 
that name, but in the latter he included both the Galena-Trenton 
and the Niagaran limestones. He did not mention any shale corre­
sponding to the Maquoketa, occurring between these limestones, but 
he must have encountered this shale in northern Iowa.
James Hall in 1865 visited some portions of the state and 
corrected many errors of correlation. The rocks exposed in the 
bluffs of the Minnesota River at Maiikato, he correctly correlated 
with the Lower Magnesian limestone and Potsdam sandstone respec­
tively.
During the years 1859-1864 Chas'. Whittlesey made re­
peated examinations within the state for private concerns. His 
work is noteworthy from the fact that he was the first man to make 
observations on the drift deposits with any adequate conception of 
their origin. Previous geologists had either altogether ignored 
the glacial drift, or interpreted it erroneously.
Under the able guidance of N. H. Winchell a complete sur­
vey of the state by counties was carried on and the final report 
published in 1882.
4PHYSIOGRAPHY
Topography. Southeastern Minnesota contains a diversity
of topography, ranging from high craggy hills in the eastern part,
to flat gently rolling prairie in the western. The eastern portion
hordering the Mississippi River constitutes a part of the "driftless 1
area", which includes Houston,Winona, and Wabasha counties and the 
eastern portions of Goodhue, Olmsted and Filmore. In this area 
drift is very thin or absent, the Pleistocene deposits consisting 
of fine residual clay or loam and much loess. The absence of a 
thick mantle of surface material makes the conditions favorable for 
the study of the several Paleozoic formations that are exposed at 
the surface in the driftless area. The rugged topography of this 
region, which has been developed by long continued stream erosion, 
contrasts strongly with the level or gently rolling relief of the 
drift covered regions. The presence of the soft St. Peter sand­
stone above the level of the streams has permitted the easy trench­
ing of the valleys and thus helped to increase the relief of the 
region.
The topography of the drift covered area, lying to the 
west of a line thru Goodhue, Olmsted and Filmore counties, shows
(1) Chamberlin and Salisbury. U.S. Geol. Surv.
6th Ann. Rep. (1886) pp.199-322.
6shallow, youthful valleys that are choked with till and boulders, 
numerous lakes and upland swamps, morainic hills, and sand and 
gravel in the form of karaes, terraces and valley trains, which 
bear witness to their glacial origin. The general relief of this 
area is slight, due to the eveness with which the drift material 
was spread by the ice and also the comparatively short time since 
erosion began to work upon the surface of these glacial deposits. 
Several morainic belts separated by comparatively level areas of 
ground moraine are present in southeastern Minnesota. The most 
prominent of these has been designated by Chamberlin as the "Kettle 
Range" because it incloses so many lakes or kettle holes. This mo­
raine enters the states from Wisconsin at Hudson, Washington County, 
whence it swings southward past Minneapolis and thru southeastern 
Minnesota, crossing the state line into Iowa from Freeborn County.
It incloses a great many beautiful lakes and serves as a divide 
separating the waters that flow eastward to the Mississippi, from 
those that go westward to the Minnesota River'. The depth of the 
drift in this moraine varies from 200 to 300 feet*. The materials 
consist of unsorted clay, sand, gravel and boulders, mixed together 
in a heterogeneous mass. The rock fragments are of diverse material 
and origin, having been gathered from widely separated districts.
Drainage. The main drainage lines of this portion of 
the State are the Mississippi and Minnesota Rivers. The former 
flows in a general southeasterly direction in a deeply intrenched, 
picturesque valley bordered hy high craggy cliffs. The latter, 
below the elbow at Mankato, flows in a northeasterly direction,
6joining the Mississippi at Port Snelling. Above the confluence 
of these two rivers northward, the present Mississippi River occu­
pies a post-glacial gorge scarcely one-fourth of a mile in width, 
while the pre-glacial channel of the Mississippi is at present 
followed by the Minnesota River in a valley that is one to four 
miles in width. This inconsistency in the width of the valleys 
of the two rivers was first explained by Gen. G. K. Warren in 1868, 
who attributed its origin to the outflow from the ancient glacial 
Lake Agassiz that during Wisconsin time covered a large area in 
North Dakota and Western Minnesota,the Valley of the Red River of 
the North and northward beyond the present basin of Lake Winnepeg.
The surface of southeastern Minnesota is drained east­
ward to the Mississippi River thru the Cannon, Zumbro and Root 
Rivers and their tributaries. All these streams have their 
sources in the great moraine, previously mentioned, and thru the 
glaciated portion of the area they flow in shallow valleys, but 
as they approach the Mississippi the valleys become deeper owing 
partly to the fact that this part of the area was not levelled 
down by the glaciers and partly to the unconsolidated nature of 
the St. Peter and Jordan sandstone formations which are exposed 
at the surface in that region.
With the exception of the Blue Earth River, which flows 
northward and joins its major stream at Mankato, the tributaries 
to the Minnesota within the area are insignificant.
(1) Sen. Doc. no.58, 39th Cong., 2nd Sess,
7STRATIGRAPHY
General relations. Strata representing five great 
groups of rocks are found in southeastern Minnesota. In the order 
of their age, they are, Archean, Algonkian,Paleozoic, Mesozoic, 
and Cenozoic. This paper is chiefly concerned with only that por­
tion of the Paleozoic group of rocks included in the Ordovician 
system.
The Archean granites and crystalline rocks of Algonkian 
age underlie the entire area. Superimposed upon these are the in­
durated Ordovician sandstones, shales and limestones of Paleozoic 
age. Thruout the eastern and southern part of Minnesota there are 
small isolated areas of Mesozoic rocks belonging to the Cretaceous 
system, consisting of soft, plastic shales and unindurated sand­
stones, which attain a maximum thickness of 500 feet, but are 
usually much thinner. Overlying all of these older formations is 
a mantle of glacial drift which was laid down during the Pleisto­
cene epoch. The indurated rocks of this region dip towards the 
southwest at a very low angle. The succession and relations of 
these formations are shown in the following table:
8Table of Paleozoic Formations Exposed 
in Southeastern Minnesota
Group System Formation Thickness
Maquoketa shale, the Hudson 
River shale of the old re­
ports. Shale, and argilla­
ceous sandstone with some 
dolomite.
75 to 100
Galena limestone-bluish, or 
grayish yellow, compact to 
vesicular, dolomitic.
Ordovician Decorah shale - green shales 350
Plattville or Trenton lime­
stone
Paleozoic St. Peter sandstone - white or 
yellow, friable sand with some 
shale
200
Prairie du Chien or Lower 
Magnesian Formation
1 Shakopee limestone
Cambrian 2 New Richmond sandstone 325
3 Oneota limestone
9The Cambrian System
The Prairie du Chien Formation* Immediately below the
St. Peter sandstone lies a thick formation consisting mainly of
dolomite, but contains also some dolomitic shale and sandstone.
1
To this Owen in 1840 gave the name Lower Magnesian limestone.
2This name was retained by early geologists, but Grant & Pure-hard 
considered that the old lithologic term was inconsistent with the 
modern usage of applying geographic names for geologic formations 
and proposed the name Prairie du Chien for the formation. The
strata of this formation extend over large areas in southeastern
3 4 5
Minnesota, southwestern Wisconsin, and northeastern Iowa . Sarde-
6
son says "The Prairie du Chien formation. Magnesian series, con­
sists of five members, namely, three dolomites and dolomitic 
shales and two siliceous sandstones. In ascending order, they 
are: (1) the St. Lawrence dolomite and shales; (2) the Jordan sand­
stone; (3) the Oneota dolomite; (4) the New Richmond sandstone;
(5) the Shakopee dolomite. Of these five members, the first three
(1) House Ex. Doc. no.239, 26th Cong., 1st Sess. p.17.
(2) U.S. Geologic Atlas. Folio 145: p.3.
(3) Hall & Sardeson, Bull. Geol. Soc. -Am., vol.III; 
pp. 331-368.
(4) Geol. Wis., vol.III (1880); pp.397-398; vol.IV 
(1882): pp.64-81.
(5) Geol. Iowa, vol.I, pt.1 (1852): p.332.
(6) Bull. Geol. Soc. Am., vol.VI: p.169.
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reach a combined thickness of 200 feet. Next above them is the 
New Richmond sandstone, which is seldom more than a few feet, and 
nowhere exceeding 20 feet, in thickness. The Shakopee limestone 
carries a small fauna and is seldom 50 feet in thickness." Sarde- 
son's reasons for grouping these five formations under one head 
are partly lithologic and partly paleontologic. The lithologic 
resemblances of the several dolomite beds are apparent as far as 
their color, texture and structure are concerned. The sandstone 
formations are also similar to each other and bear similar rela­
tions to the dolomites with which they are interbedded. The pale­
ontologic basis for assigning all of these members to the Prairie 
du Chien formation is the fact that the fauna of the several mem­
bers of this formation are more closely allied to those of the 
upper Cambrian than to those of the overlying Mohawkian.
Position in the Geological Column. The Prairie du Chien 
formation was deposited upon the irregular, underlying upper sur­
face of the Potsdam sandstone. Chamberlin likens this surface to 
the rising and falling of a subsiding sea. As a result, of the 
uneven floor upon which it was laid down, the thickness of the 
Prairie du Chien varies from 65 to 325 feet. Chamberlin placed 
all the members of the Prairie du Chien in the Cambrian system on 
the basis of the fossils which they contain, the more common types 
of which are listed below:
(1) Geol. Wis., vol.I3 : p.138.
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Fucoids
Stromatopora
Strophomena
Ophileta
Saterella
Straparollus
Bucania
Euomphalus strongi
The Baraboo sandstone which underlies the Pairie du Chien.,
was also referred by Chamberlin to the upper Cambrian. The latter
rocks contain the following species of fossils.
Dikellocephalus barabuensis Scoevogyra swezeyi 
Dikellocephalus eatoni Metoptoma barabuensis
Illaenus convexus Metoptoma recurva
Scoevogyra clongata Metoptoma retrorsa
Scoevogyra obliqua Metoptoma similis
Leptaena barabuensis
The aspect of this fauna is undoubtedly Cambrian and the 
modified descendents of these species appear in succeeding forma­
tions.
1
Sardeson supplemented the work of Chamberlin by a more
thorough investigation and correlation of the upper Cambrian rocks 
in this region and listed the following fossils from this formation 
in Minnesota.
Asaphus sp.
Dikellocephalus minnesotensis 
Lingula aurora 
Lingula dolata 
Lingula mosia 
Lingula winona 
Orthis pepina 
Bellorophon antiquatus 
Euomphalus winonensis 
Heliocotoma pecatonica 
Holopea obessa 
Metoptoma barabuensis 
Murchisonia argylensis 
Murchisonia putilla
Piloceras
Ophileta alturensis 
Pleurotomaria sweeti 
Raphistoma leisomellum 
Raphistoma lewistonensis 
Raphistoma minnesotense 
Raphistoma oweni 
Raphistoma ruidum 
Straparollus intralobatus 
Subulites exactus 
Tryblidium repertum 
Ascoceras gibberosum 
Cyrtoceras dresbachensis 
Cyrtoceras winonicum 
Endoceras consuetum 
corniculum
(1) Bull. Minn. Acad. Sci., vol.IV p.92-105
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No fossils occur in the New Richmond sandstone and all 
those present in the overlying Shakopee dolomite are different 
from these in the limestones older than the New Richmond sand­
stone. Upon this basis Sardeson made the New Richmond sandstone 
the uppermost member of the Cambrian and the Shakopee dolomite the 
basal formation of the Ordovician. If the complete faunas of 
these limestones were known and a general faunal change was found 
to occur at the base of the Shakopee, this would be the logical 
place to separate the two systems. But the faunas of these dolo­
mites are so meagre that with present knowledge it seems unsafe 
to make the division upon this ground.
At the base of the St. Peter sandstone, which immediately 
overlies the Shakopee dolomite, is to be found a very definite un­
conformity. At the top of the Shakopee dolomite the rocks change 
abruptly to a sandstone, and the fossils found in the rocks above 
this unconformity are allied to those of the Mohawkian series of 
the Ordovician, while those below are more closely related to the 
Upper Cambrian. Taking into account the unconformity at the base 
of the St. Peter sandstone, the abrupt change in lithology from 
the Shakopee dolomite to the St. Peter sandstone and this change 
in the fauna in the rocks above the Shakopee, the proper place 
to make the separation of the Ordovician and the Cambrian would 
seem to be between the St. Peter sandstone and the Shakopee
dolomite
13
The Ordovician system 
The Saint Peter Sandstone
Lithology, The St. Peter sandstone is one of the most 
prominent Ordovician formations in the Mississippi Valley.
D. D. Owen first described and gave the name to the formation.
The name was chosen because of the good exposure of the sandstone 
that was found at the mouth of the Minnesota River, which in 
Owen's time was called the St. Peter. The exposure at the type lo­
cality was so representative and the description he made was clear 
that geologists have been able to readily identify the formation 
over a wide area in the Upper Mississippi Valley.
The St. Peter is essentially a clean quartz sandstone, 
often of various shades of red or brown color, consisting of 
coarse^ grains uniform in size, with almost no cementing material. 
In some places it is as incoherent as when first laid down. When 
exposed to the weather for some time, the surface becomes "case 
hardened" by the cementation of the sandgrains near the surface 
thru the precipitation of the mineral matter from percolating 
water as it evaporates at the exposed surface, but usually it is 
so friable that the bases of the exposures are concealed by a 
talus slope of sand.
Mode of Deposition. The exceptional purity of the for­
mation over a wide area, attracted the attention of early investi­
gators, many of whom considered ordinary sedimentary processes
14
inadequate to account for the deposit. In 1824, Keating stated 
"that this sandstone must have been formed by chemical precipita­
tion and not by mere mechanical deposition". Owen recognized
all the formation in the Upper Mississippi Valley as of sedimen-
3tary origin. Hall and Whitney again advanced the theory of
chemical precipitation to explain the origin of the sandstone,
Some geologists have assumed this sandstone to be a wind deposit,
basing their assumption upon the rounded and pitted condition of
the sand grains, the purity of the beds, and the almost total ab­
e. 4sence of cementing material. Berkay attempts to make a compro­
mise between the eolian and the sedimentary theory, by assuming
that the St. Peter sandstone owes its constancy of^grain and its 
purity of composition not to chemical precipitation of the rock, 
no| to subsequent leaching but rather to the unusual complete­
ness of the sorting process accomplished by wind and water on a 
sand largely derived from a previous sandstone formation". "That
the St. Peter sandstone was deposited in water and preserves 
chiefly such structures as are common to water laid sediments is 
certain; that its grains fall within the range of wind transpor­
tation and show characteristic wind worn surfaces is equally 
clear."
While maintaining the sedimentary origin of the forma- 
5
tion, Sardeson considers the unusual purity of the sandstone as
(1) Narrative of an Expedition to the St. Peter’s 
River, vol.I, p.330.
(2) Geol.Surv. Wis. Iowa and Minn, p.165, 1852.
(3) Geol. Iowa, vol.I, pp.52; 338.
(4) Bull. Geol. Soc. Am., vol.XVII (1906):pp.229-250.
(5) Bull. Minn. Acad. Sci. vol.IV, 1896, p.85.
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dde chiefly to the porosity of the rock* favoring free circulation 
of ground water and the consequent leaching of all the constitu- 
tents except the quartz grains.
The marks of water action and aqueous sedimentation to 
he seen in the stratification, sorting and cross bedding within 
the St. Peter formation preclude the acceptance of the chemical 
theory. As for subsequent removal by leaching, the results are 
too uncertain to apply to such a general cause. Also it is im­
probable that any considerable quantity of calcium carbonate was 
ever present. The eolian theory based largely upon the rounded 
and pitted condition of the individual sand grains is equally in­
adequate to fully answer the requirements of the problem. Exa­
mination of these grains under a petrographic microscope, shows 
that the rounding of the grains was accomplished by abrasion and 
not to secondary deposition of silica after the formation was 
laid down, but this wear could have been by water as well as by 
wind.
That the conditions of sandstone deposition in the 
early Paleozoic time were fundamentally different from those of 
today is improbable, for the geologic agents of the past are al­
ways assumed to have been in general the same as those of the 
present. It seems unwise, therefore, to seek for an explana­
tion by unusual agencies when the normal action of sedimentation 
satisfactorily explains the St. Peter sandstone deposition.
Source of St. Peter Material. The source of supply of 
this great quantity of quartz was doubtless the mountain ranges or
16
highlands of crystalline rock in northern Michigan, Wisconsin and 
Minnesota, and from exposed areas of Cambrian sandstones north of 
the area of outcrop of the St. Peter sandstone.
Occurance. The St. Peter was probably laid down along 
a broad shore of an epicontinental sea the borders of which were 
shifting during the time of its deposition. This immense deposit 
stretches from Michigan thru Wisconsin and Minnesota, Iowa, Miss­
ouri, Illinois, Indiana and Western Ohio. In the north the St. 
Peter comes to the surface in inclined and much eroded outcrops.
It dips southward and southwestward in which direction it is gen­
erally deeply buried beneath younger sediments and is only recog­
nized in deep well borings, except in a few places when faulting 
and folding have brought it to the surface. The constitutents of 
this formation seem to increase in argillaceous and calcareous 
matter towards the south, suggesting deeper water or more distant 
shore conditions in that direction.
The St. Peter exposed along the Zumbro River in south­
east Minnesota is a clean quartz sandstone, having a thickness of 
about 110 feet.
Fauna. Fossils are rare in the St. Peter sandstone, the
early geologists reporting it as "barren", Such fossils as are
found are casts and moulds of shells that have been entirely dis-
1
solved and removed by percolating water. Winchell first reported 
shells of a Lingulepis morsii from near the top of the formation
2
at Fountain, Filmore County, Minn. Shortly after this Chamberlin"
(1) Geol. Nat. Hist. Surv. Minn. 4th Ann. Rep. 1875, 
p.41 .
(2) Geol. Wis. vol.II, p.285.
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found fucoids and worm burrows in the same formation in Wisconsin.
In 1890, Hall and Sardeson described a small fauna in
1
the St. Peter from near South Saint Paul, Minn., which included 
the following species:
Vanauxemia fragosus 
Crypricardites descriptus 
Crypricardites finitimus 
Crypricardites dignus 
Modiolopsis fountainensis 
Modiolopsis postica 
Modiolopsis litoralis 
Modiolopsis contigua 
Modiolopsis gregalis 
Modiolopsis affinis 
Modiolopsis senecta 
Tellinomya novicia
Rufella fu
Tellinomya absimilis 
Holopea obliqua 
Holopea paludiniformis 
Murchisonia gracilis 
Murchisonia tricarinata 
Ophilita fausta 
Platyceras vetulum 
Pleurotomaria aiens 
Orthoceras minnesotense 
Crania reversa 
Lingula morsii 
Orthis perverta
Of this fauna Sardeson says, "All the species of the 
St. Peter sandstone are similar to those occuring in the overly­
ing Trenton limestone. If all had been found in some stratum of 
the lower part of the Trenton (Galena) series, instead of in the 
St. Peter formation, their occurance would not have been th|ft 
surprising".
The fauna is largely molluscan. The species of Coelen- 
terates, Bryozoa, Crinoidea and Trilobites, which are generally 
abundant in the Trenton, are absent. This is probably due to the 
conditions of rapid and coarse sedimentation during St. Peter time
(1) Bull. Minn. Acad. Sci. vol.IV: pp70-78.
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The Trenton or Plattville Limestone
Lithology. The peculiar conditions that caused the deposi­
tion of the St. Peter sandstone, gave place to clear seas favorable 
for the accumulation of limestone representing the Trenton epoch.
I The transition from the St. Peter sandstone to the Trenton limestone is marked by a band of blue arenaceous shale of varying thickness, 
j The contacts of this shale with the underlying St. Peter sandstone 
is usually very pronounced, indicating an abrupt change in sedimen­
tary conditions. The sand grains of the St. Peter seldom occur 
high in this shale, and only at one exposure were they noticed in 
contact with the overlying limestone. This was at Brodwicks' Mill, 
in the N.W. 1/4 Sec.18 Kalmar Tp., Olmsted County, where the upper 
portion of the shale was both calcareous and arenaceous. The lime-
I stone immediately above this shale band is very pure, and at the
I t* .
last locality,burnt for lime. The upper surface of the St. Peter 
nowhere shows any evidence of erosion, hence we infer that there was 
no sedimentary break between the two formations.
| The Trenton limestone, or perhaps better called Plattville,
I as these beds can not be directly correlated with the Trenton lime­stone of New York, differs from the other members of the section in 
being highly calcareous, with occasionally some admixture of magne­
sian carbonate.
Sedimentation. Conditions favorable for the formation of
limestone indicates, not only favorable conditions for the abundant
19
growth of marine animals that secrete calcareous shells, but also
for the subsequent preservation of these remains. All the Plattville
beds, with the possible exception of the shale at the base, contain
fossils in abundance, some layers being "literally packed with or- 
1
ganic remains".
Occurance. The Plattville in the Mississippi Valley is 
practically coextensive with the St, Peter sandstone, which it im­
mediately overlies. Its thickness is variable, ranging from 50 to 
250 feet. It consists of non-magnesian limestone alternating with 
shale, indicating somewhat unstable conditions of sedimentation.
Fauna. Among the fossils of the Plattville all the larger 
divisions of the Invertebrata are represented. A comparison of the 
S fauna of the Plattville with that of preceding formations, shows 
a great increase both in number and in variety of the different 
classes. No doubt this is due in part to the more favorable condi­
tions of life in the sea of this time as well as to the more favor­
able conditions of preservation of their shells.
(1) Grant. U.S. Geologic Atlas. Folio 145.
20
The Galena Dolomite
Lithology. It is difficult to draw a definite line sepa­
rating the Plattville from the Galena. In Iowa and Wisconsin a 
| greenish-blue shale (Decorah shale) usually separates these forma- 
| tions, but in southeastern Minnesota this shale is rarely present. 
The upper portion of the Trenton is marked by several layers of 
dense, fine grained limestone, with conchoidal fracture, known as 
j "glass rock", which ranges in thickness from 18 inches to 4 feet.
The top of the glass rock zone is considered the base of the Galena
1
in this region. Lithologically the Galena is a coarsely granular, 
crystalline, porous, dolomite, which weathers into exceedingly
I rough pitted surfaces.Sedimentation. The gradual merging of the Plattville 
limestone into the Galena indicates only a very slight change in 
sedimentary.conditions. While limestone conditions prevailed during 
the greater part of Galena time, much fine grained argillaceous 
\ material was deposited locally, as at Kenyon, Goodhue County, Minn., 
where the upper Galena is a semi-argillaceous limestone, but con­
] tains characteristic Galena fossils.
(1) Grant. U.S. Geologic Atlas. Polio 145
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Origin of the Dolomites. The origin of dolomite has been 
a disputed question for more than a century. The majority of stu­
dents have approached the study of dolomite from the chemical stand­
point. With a wider knowledge of the principles of sedimentation, 
recent writers generally assume that dolomite is the result of chemi 
cal replacement of a portion of limestones, by which a part of the 
molecule of CaC03 is replaced by MgC03, making the double carbonate 
| CaMg(C03)2 .
Analyses of sea-water show a preponderance of magnesium 
salts over salts of calcium, sometimes as high as four to one.
Hence, the theory has been advanced by some that dolomite is the 
result of the addition of magnesium carbonate to calcium carbonate 
thru the action of sea-water. This assumption is reasonable pro­
vided the change takes place in the sea at the time of deposition,
I but in many cases dolomitization appears to have taken place long after the rocks had been consolidated and elevated above the sea, 
and in others after the rocks are deeply buried beneath the sea 
bottom.
1
Sardeson has suggested the possibility that dolomite re­
sulted from the concentration of the magnesium in ordinary lime­
stone, as the result of the more rapid removal of the calcium car­
bonate than the magnesium carbonate thru the agency of percolating 
water; but he says; "The addition of such an enormous quantity of 
magnesium as would be necessary to accomplish the dolomitization of 
I the widely distributed Paleozoic dolomites, would be very hard to
(1) Bull. Geol. Soc. Am., vol.VI: pp.189-198
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conceive". Again he says: "It is equally difficult to understand 
how the replacement over such extensive areas could have been carri­
ed on at great depths beneath the sea". He considers that the poro­
sity of the rocks, that have become dolomitized is strong evidence 
that dolomite has been formed chiefly thru the removal of calcium 
carbonate.
The vesicular condition of the dolomites in question was
1
pointed out by Prof. Dodge in his experiments upon building stones, 
showing that there had been a decrease of 80^ due to the removal of 
the CaC03 and replacement of MgC03 . Hence under this assumption 
every 100 feet of a present dolomite would represent an original 
thickness of 1000 feet, more or less. That such a shrinkage as 
this was produced chiefly by the differences in the molecules of 
calcium and magnesium is impossible.
In the composition of modern limestones, formed by the 
shells of marine organisms, a considerable amount of magnesian car­
bonate with the calcium carbonate is present. A coral rock reported 
by Dana contained magnesium to the extent of 3 8 Other examples 
of like natures are known. Prom this fact it has been suggested 
that dolomite has been produced by concentration thru leaching and 
replacement of magnesia from sea water. Probably our most striking 
illustration of such concentration is furnished by the borings on
the atoll of Funafuti. The principal boring was put down 1.100 
feet thru coral rock. Careful study of the core showed that the
rock became more dolomitized as the depth increased until a typical
(1) Geol. Natl. Hist. Surv. Minn., Pinal Rep. vol.I: 
pp.195-203.
(2) Coral and Coral Islands, p.393.
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dolomite condition was reached at a depth of 700 feet.
1
Concerning this Clarke says: "In this double process of
leaching and replacement, we find the nearest approach to a satis­
factory theory of dolomitization in coral reefs". It is, of course, 
evident that dolomitization by replacement need not be limited to 
the action of partially concentrated sea water upon coral reef rocks. 
Locally magnesian waters from springs are known to produce similar 
results, however, large areas of dolomite are not likely to be pro­
duced in this way.
(1) U.S. Geol. Surv. Bull.491; p.543
Detailed Section. A detailed section of the Galena-Trenton
limestones as exposed in ascending order in Olmsted., Dodge and Good­
hue Counties, Minnesota, is given below, with lists of fossils from 
the several members of the section:
Section 2 1/2 miles north of Byron, Olmsted County;
Feet In.
la. Light blue shale containing ironstone
concretions and glauconite containing 
Batostoma minnesotensis..................  7 8
lb. Bluish-gray, impure limestone in thin
layers.................................... 6 6
Clitambcnites diversa Rafenesquina alternata
Dalmanella testudinaria Rafenesquina minnesotensis
Orthis tricenaria Rhynchotrema inaequivalve
Plectanbonites minnesotensis Whitella cf. quadrangularis
Zygospira recurvirostris
Section at Bunker's Mill, section 14 Mantorviile Tp. 
Dodge County.
2a. Blue shale alternating with thin lenses
of dolomite limestone....... ...........  15
Licrophycus cf. ottawaensis Monticulipora discoideus 
Batostoma minnesotensis Lophospira medialis
Batostoma winchelli Lophospira cf. saffordi
Orthoceras olorus
2b. Dolomite, compact, in layers 6 inches
to 2 feet in thickness.................  6 8
Plectambonites minnesotensis Rhynchotrema inaequivalve
Strophomena filitexta
2c. Buff colored dolomite alternating with
blue shale..............................  18
Receptaculites oweni Rafenesquina minnesotensis
Plectambonites gibbosa Endoceras proteiforme
Orthoceras sp.
Section at Rockton Mill, section 15 Mantorville Tp
Dodge County.
Feet In.
3a. Blue shale with dolomite lenses; fossils
rare....................................... 13
Batostoma minnesotensis Monticulipora discoideus
Batostoma winchelli Orthoceras sp.
3b. Dolomite similar to 2b. but the upper
layers very thin and fossiliferous....... 28 4
Rhyndictya mutabilis Platystrophia biforata
Dalmanella testudinaria Plectambonites minnesotensis
Dinorthis pectinella Rafenesquina alternata
Dinorthis deflecta Rhynchotrema inaequivalve
3c. Buff dolomite in layers 6 inches to 3 1/2
feet thick................................  29
Streptalasma corniculum 
Lingula iowensis 
Plectambonites gibbosa 
Rafenesquina minnesotensis 
Bellerophon cf. bilobatus
Isotelus sp
Hormotoma major 
Maclurina cuneata 
Trochonema umbilicatum 
Endoceras proteiforme 
Illaenus americanus
Section of Mantorville Stone Company Quarry 1 mile west 
of Mantorville, Dodge County.
1d. Heavy bedded, vesicular, siliceous dolomite,
no fossils found........................... 26 6
2d. Bluish dolomite in layers 6 inches to 3 feet 
thick, the upper layers break with conchoidal 
fracture.................................  20
Streptalasma corniculum Rafenesquina deltoidea
Crania sp. Bumastus trentonensis
Rafenesquina alternata Illaenus americanus
Isotelus susae
3d. Buff, thin bedded, vesicular dolomite, 24
Receptaculites oweni 
Leptaena rhomboidalis 
Lingula iowensis 
Lingulasma galenensis
Rafenesquina minnesotensis 
Strophomena fluctuosa 
Bellerophon sp.
Hormotoma major
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Section at Parson's and Green's Quarry, Wasioja, Dodge
County.
Feet In.
1e. Compact dolomite in layers 6 inches to 3 feet 
thick, very hard, break with conchoidal frac­
ture, no fossils.............................  14
2e. Buff, even bedded dolomite..................  13 6
Streptalasma corniculum Rafenesquina minnesotensis
Dalmanella testudinaria Strophomena filitexta
Leptaena rhomboidalis Bellerophon platystoma
Gomphoceras sp.
3e. Buff, thin bedded, slightly argillaceous
dolomite...................................... 8 4
Plectambonites gibbosa 
Rafenesquina minnesotensis 
Fusispira nobilis 
Fusispira inflata 
Hormotoma bellicincta
Isotelus
Hormotoma major 
Liospira lenticularis 
Trochonema beloitense 
Orthoceras sp.
Illaenus cf. americanus
Section at Kenyon, Goodhue County.
1f. Compact, blue limestone, to water level,
no fossils taken............................  2 6
2f. Blue shale, very friable...................  14 8
Endothyra mutabilis Clitambonites diversa
Batostoma minnesotensis 
Monticulipora discoidea 
Prasopora conoidea 
Prasopora simulatrix
3f. Thin bedded, argillac
Ischadites iownesis 
Receptaculites oweni 
Streptalasma corniculum 
Cyrtodonta sp.
Bellerophon platystoma
The vertical relations of
foregoing sections are shown on the
sections.
Hallina saffordi 
Rafenesquina alternata 
Strophomena emaciata 
Strophomena filitexta
ous limestone.......  7 4
Hormotoma bellicincta 
Liospira angustata 
Lophospira elevata 
Lophospira peracuta 
Orthoceras sp.
the different members of the 
following plate# of columnar
Sections showing thickness and character of the Ordovician 
strata in Olmsted and Dodge counties, Minnesota.
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Table of fossils. The stratigraphic range of the most 
common species occuring in the Ordovician series is given in the 
following table. In this table crosses in the respective columns 
on the right of the names indicate that the species are also pres­
ent as follows: Column 1, in Iowa; 2, in Illinois; 3, in Wisconsin;
4, in New York; 5, in Minnesota, from the Pinal Report by Winchell 
and Schuchert. 6, in Minnesota, from the work of the Author; 7, in 
Ohio.
Comparative table showing the Distribution
of the
Galena-Trenton Fauna
1 2 3 4 5 6 7
Coelenterates
Columnaria halli X X X
Ischadites iowensis X X X X
Receptaculites oweni X X X X X
Streptalasma profundum X X X
Streptalasma corniculum X X X X X
Bryozoa
Batostoma minnesotense X X
Batostoma winchelli X X X
Callopora multitabulata X X
Eridothrypa mutabilis X X X
Monticulipora discoidea X X
Prasopora conoidea X X
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1 2 3 4 5 6 7
Prasopora simulatrix X X X X X
Brachiopods
Clitambonites diversa X X X
Dalmanella subaequata X X X X
Dalmanella testudinaria X X X X X X X
Dalmanella var. multisecta X X
Dinorthis deflecta X X X X
Dinorthis pectinella X X X X X X X
Hallina saffordi X
Hebertella borealis X X X X X
Hebertella bellarugosa X X
Lingula elderi X X
Lingula iowensis X X X X X X
Lingula coburgensis X X
Lingulasma shucherti X X
Lingulasma canadensis X
Lingulasma galenensis X X
Orthis tricenaria X X X X X X X
Orbiculoidea lamellosa X X
Platystrophia biforata X X X X X X X
Platystrophia var. lynx X X
Plec-tambonites gibbosa X X
Plectambonites minnesotensis X X X X
Plectorthis jamesi X X
Rafenesquina alternata X X X X X X X
Rafenesquina deltoidea X X X X X
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1 2 3 4 5 6 7
Rafenesquina minnesotensis X X X X
Rafenesquina tenulata X
Rhynchotrema ainsliei X X
Rhynchotrema inaequivalve X X X X
Rhynchotrema minnesotensis X X
Schizocrania filosa X X X
Strophomena alternata X X X
Strophomena emaciata X
Strophomena filitexta X X
Strophomena fluctucosa X X X
Strophomena ineurvata X X X X
Strophomena planoconvexa X X X X
Strophomena trentonensis X X X X
Trematis punctostriata X X
Trematis terminalis X
Zygospira exigua X
Zygospira recurvirostris X X X X X X
Pelecypods
Allodesma subellipticum X X
Byssonychia acutirostris X X
Ctenodonta obliqua X X X X
Ctenodonta logoni X
Ctenodonta nasuta X X X
Clionychia lamellosa X X X
Crypricardites obtusa X
Crypricardites glabellus X

Lopho'spira perangulata 
Maclurea bigsbyi 
Maclurina cuneata 
Murchisonia conradi 
Trochonema beachi 
Trochonema beliotense 
Trochonema umbilicatum
Cephalopods 
Orthocera olorus 
Triptoceras planoconvexum
Arthropods
Bumastus trentonensis 
Isotelus gigas 
Isotelus susae 
Illaenus americanus 
Leparditia fabulites
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1 2 3 4 5 6 7
X X X
X X X X X
X X X X
X X
X X X
X X X X
X X X X X
X X X X
X X
X X X X
X X X X X
X X X
X X X X
X X X X
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Comparison of fossils. In the foregoing table of fossils 
the following facts of distribution are brought out. In some in­
stance, as in the case of Iowa and Illinois, the data shown in the 
table were compiled from very incomplete fossil lists, which no 
doubt accounts for the lack of close correspondence between the 
fossils of the Galena-Trenton of those states with those of Minne­
sota. Out of the 76 species of fossils from the Galena-Trenton of 
southeastern Minnesota, 39 are also present in New York and 36 in 
Ohio. In the more western area; Wisconsin gives 36, Iowa 27, and 
Illinois 22 species common to the formation in the respective 
states and Minnesota. Out of the total number of 100 species only 
7 are found to be common to all the areas represented. These fig­
ures seem to indicate that similar faunal conditions must have ex­
isted over the whole area from New York to Minnesota during the 
Galena-Trenton period of deposition and that the sea over this area
was not divided by impassable faunal barriers of any kind.
1
On the basis of its fauna Savage has considered the 
Kimmswick limestone of Alexander County, Illinois, the equivalent 
of the middle portion of the frenten' (Fusispira bed) of the Upper 
Mississippi Valley. In southern Illinois and eastern Missouri the 
Galena-Trenton rocks differ widely in their lithology and faunas, 
from those of corresponding age in Minnesota. Pelecypods and gas­
tropods predominate in the north, while in the south the dominant 
forms are brachiopods and trilobites. Out of the total number of
52 Kimmswick fossils listed by Savage from Alexander County, Illi­
nois, only 16 are found in the Galena-Trenton of Minnesota. This
(1) 111. Geol. Surv. Bull. 16 (1910): pp.302-341.
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The Maquoketa Shale
Lithology. After the accumulation of the Galena limestone 
to a thickness of about 125 feet in Minnesota, the sea withdrew for 
a long period from the Mississippi Valley, and land conditions pre­
vailed in this region during all of the Utica and Lorraine periods. 
When the sea returned over this area in Richmond time, the waters 
were muddy and the beds of mud and limestone that make up the Maquo­
keta formation were deposited. The change in the nature of the de­
posit, produced a corresponding change in the character of the fauna, 
the clear water marine animals gave place to mud Voting forms. 
However, during this time there were occasional periods of clear 
water during which calcareous materials were accumulated, which 
form limestone beds within the shale.
Occurance. The Maquoketa occurs over nearly the entire 
area in the Mississippi Valley, over which the Galena-Trenton lime­
stones deposited. The Maquoketa unconformably overlies the Galena 
in Iowa, Wisconsin, Michigan, Minnesota, Illinois and Missouri.
In places, it has been eroded away, but usually in such areas iso­
lated outliers remain. The formation is well developed along the 
Little Maquoketa River in eastern Iowa, from which it received its 
name, and where its average thickness is about 160 feet.
In color this formation ranges from gray, green, and blue, 
to brown. Graduations of texture and composition from a coarse 
sandy shale to fine argillaceous material are common.
These strata, are in even beds, often thinly laminated.
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which are not much indurated. They disintegrate rapidly giving to 
the landscape rounded hills and long gentle slopes which conceal 
the shale beneath a mantle of debris; consequently outcrops of this 
formation are found only in gullies where vigorous stream action 
is taking place.
Fauna. No complete section of the Maquoketa was secured 
owing to the scattered nature of the exposures. Maquoketa fossils 
collected at Clinton Falls, Steele County, and on the Zumbro River 
10 miles west of Kenyon, Goodhue County, are listed below:
' Fossils from the Maquoketa in 
Steele and Goodhue Counties
Aulopora araehnoidea 
Fenestella granulosa 
Fistulipora lens
Hebertella occidentalis 
Rhynchotrema capax 
Zygospira modesta 
Ambonychia radiata 
Pterinea demissa 
Endoceras proteiforme
Monticulipora rectangularis
Monticulipora rugosa 
Stictopora fragilis
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The partial geographic distribution of the Maquoketa 
fauna is given in the following table. In this table a cross in 
the respective columns on the right of the names indicates that the
species are present in the different localities as follows:
Column 1, in Minnesota; 2, in Iowa; 3, in Indiana; 4, in Minnesota
from work of the Author.
Comparative table showing the Distribution
of the
Maquoketa Fauna
f 1 2 3 4
Coelenterates
Hindia parva X
Streptalasma corniculum X
Bryozoa
Aulopora arachnoidea X X
Fenestella granulosa X X
Fistulipora lens X
Monticulipora rectangularis X X
Monticulipora rugosa X
Stictopora fragilis X X
Brachiopods
Clitambonites diversa X
Dalmanella testudinaria X
Dinorthis pectinella X
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1 2 3 4
Dinorthis subquadrata X X X
Hebertella insculpta X X
Hebertella occidentalis X X X
Leptaena unicostata X X
Lingula iowensis X X
Platystrophia biforata X X
Plectorthis plicatella X X
Plectorthis whitfieldi X X
Plectambonites sericea X X X
Rafenesquina alternata X X
Rafenesquina minnesotensis X
Rhynchotrema capax X X iX X
Rhynchotrema inaequivalve X
Rhynchotrema perlamellosa X
Rhynchonella neenah X
Strophomena fluctuosa X X
Strophomena incurvata X X
Strophomena planumbona X X
Zygospira modesta X X X X
Zygospira recurvirostra X
Gastropods
Bellerophon bilobatus X X
Cyclonema bilix X X
Gyronema pulchellum X
Holopea concinnula X
1 2 3 4
Pelecypods
Ambonychia radiata X X X
Ambonychia intermedia X
Pterinea demissa X X X
Cephalopods
Cyrtoceras camurum X
Endoceras proteiforme X X X X
Orthoceras sociale X
Orthoceras bilineatum X
Arthropods
Bumastus orbicaudatus X
Calymene senaria X X X
Cerarus icarus X X
Cerarus pleurexanthemus X X X
Isotelus maximus X X X
Pterygometapus callicephalus X
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Analysis of the fauna . A consideration of the fore­
going table of fossils brings out the following facts of distri­
bution. Out of 42 species of Maquoketa fossils from northeastern 
Iowa, exclusive of the bryozoa,only 21 are found in Indiana. 
Minnesota only furnishes 15 species, probably due to the fact that 
much of the Maquoketa has been eroded away in that region. Out 
of 113 species of fossils, excUisive of bryozoa,listed by Cummings 
from the Richmond strata of Indiana, not quite 20 per cent were 
found also in the Maquoketa beds of Iowa and Minnesota. The wide 
difference between the fauna of this period in Iowa and Indiana 
makes it seem certain that the deposits in these two areas were
1
laid down in separate basins. This has been verified by Savage 
who correlated the Richmond strata of southwest Illinois, compris­
ing the Fernvale limestone, Thebes sandstone, and Orchard Creek 
shale, with the Maquoketa formation of Minnesota, Iowa and northern 
Illinois. In the Maquoketa fauna of the latter area there are so 
many species that are different from those of the typical Richmond 
formation in Indiana, and so many of the Richmond species found in 
the Indiana localities are absent from the Maquoketa beds of the 
Upper Mississippi Valley, that it seems certain that the Richmond 
strata in these two areas were deposited in seas that were not 
directly connected, so that the ready intermigration of the faunas 
in the two basins was prevented.
(1) 111. Geol. Surv. Bull. 16 (1S10): pp.302-341
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Quaternary
Pleistocene Deposits♦ The greater part of the Pleisto­
cene deposits consists of an unsorted mixture of clay, pebbles, and 
boulders of various sizes and composition, known as boulder clay 
or glacial till. Associated with this till are deposits of glacio- 
fluvial material, such as sand and gravel, usually found in the 
river valleys, but sometimes occuring in the drift. This material 
was deposited by the various ice sheets, which invaded southern 
Minnesota during the Pleistocene epoch.
As indicated on the sketch map of the Pleistocene de­
posits in the area under consideration, these deposits are repre­
sented by four distinctly different features which occur in four 
distinct areas; namely, the driftless area, the area of Iowan drift, 
the Wisconsin terminal moraine, and the area of Wisconsin drift.
The driftless area has already been discussed. Lying 
immediately west of its boundary, which extends thru Goodhue,
Olmsted and Fillmore counties, there is a band of drift which is 
distinctly older than the Wisconsin which covers the most of south­
ern Minnesota. This difference in age is indicated chiefly by the 
differences in the amount of erosion and in the depth to which 
weathering and leaching has reached below the surface. The older 
drift of Iowan age has been partially leached to a depth of one or 
two feet, while in the later Wisconsin drift, leaching has scarcely 
begun. Onthe steeper slopes, the upper part of the Iowan drift has 
in places been oxidized to a brown color, but on the surface of
1 2 3 4 i WISCONSIN DRIFT
2 WISCONSIN
3 IOWAN DRIFT
----’ '-------' ^ ^   ^  ^ 4 a*IF»UE6S AREA
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the Wisconsin drift oxidation has only proceeded far enough to 
color the till a pale yellow.
The moraine belt consists of an eastern and a western 
moraine, with an intervening belt of rather level ground moraine 
4 or 5 miles in width. The eastern moraine begins near Faribault, 
Rice County, and extends southward as a belt of hills, one to two 
miles wide, thru Steele and Freeborn counties to the Iowa line.
The western moraine has been mentioned as the "kettle moraine" of 
Chamberlin. It consiste of a belt of hills and swells from 6 to 
15 miles wide, extending from ?/ashington County southwestward thru 
Ramsey, Hennepin, Dakota, Scott, Rice, Waseca and Freeborn counties, 
to the Iowa state line. The highest altitudes, in the southern 
part of the state, are to be found on this moraine, some hills 
reaching an elevation of over 1400 feet above sea level. This 
moraine was traced into Iowa, by Upham"* and found to connect with 
the Altimont Moraine of Wisconsin age.
The area of the younger Wisconsin drift plain west of 
this moraine, presents many of the features characteristic of a 
region recently covered by glacial debris, undrained swampy areas, 
numerous lakes, and stream courses that have scarcely developed a 
definite channel, all indicate the youthfulness of the region .
(1) Minn. Geol. Surv. 9th Ann. Rep. pp.281-314.
42
CORRELATION AND COMPARISON
The St. Peter sandstone is practically non-fossiliferous, 
the sandy formation being too porous to be favorable for the pre­
servation of calcareous shells. However, a few imperfect casts
1 2have been found, which led Chamberlin and Winchell to consider 
this formation as the equivalent of the Chazy limestone of New 
York but it probably represents the time equivalent of only a por­
tion of that epoch. The formation has a wide distribution in the 
Upper Mississippi Valley, everywhere presenting such peculiar char­
acteristics that it is easily recognized. It has been distinguish-
3ed in deep well borings in Indiana , Ohio, Illinois, Iowa, Missouri 
and Kentucky.
The Trenton Limestone
The Trenton limestone is one of the most extensive lime­
stone formations of the United States, it constitutes an almost 
unbroken clear sea deposit from New York thru Pennsylvania and Vir­
ginia, Ohio and Kentucky, Indiana and Michigan, Wisconsin and Illi­
nois, Minnesota and Iowa. The western formations were correlated
by Hall and White with the Trenton of New York, but more recent 
. 4
study by Ulrich shows this formation may be more near*ly equiva­
lent to the Stones River limestones and shales of Tennessee and 
Kentucky.
(1) Geol. Wis. vol.I (1879) p.149.
(2) Geol. and Nat. Hist. Surv. Minn. Final Rep. vol.III, 
pt.II, p.XC.
(3) U.S. Geol. Surv. 11th Ann. Rep. (1890) p.625.
(4) U.S. Geologic Atlas. Folio no.145, p.5.
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1Winchell and Ulrich have divided the Trenton limestone 
formation of southeastern Minnesota, upon paleontological grounds, 
into the equivalents of the Stones River, Black River and the Tren­
ton group of the New York section, the latter group in the east 
corresponding to the Galena limestones and shales of the Upper 
Mississippi Valley. In southeastern Minnesota, the Stones River 
is represented by about 15 feet of compact, thin bedded, buff lime­
stone and shale, that rests in apparent conformity upon the St. 
Peter sandstone. Winchell is of the opinion that this group is 
the equivalent of the Birdseye limestone of New York, and the 
"Lower Buff" and "Lower Blue" Trenton limestones of Illinois, Wis­
consin and Iowa, which extends west and south into Missouri and 
northward into Canada.
The Black River group is represented in Minnesota by 
greenish shales, tho in Canada and the east the strata are usually 
heavy bedded limestones. The formation appears to be more fossili- 
ferous in Minnesota than elsewhere, the fossils consisting largely 
of Bryozoa and Cephalopods. On the faunal basis these shales may 
conveniently be divided into four beds, as follows:
Rhinidictya bed. This bed consiste of dark green, soft 
shale about 20 feet thick. It contains Rhinidictya mutabilis and 
Batostoma winchelli in great abundance, 25 of the 57 species of 
Ordovician Bryozoa occuring in this horizon.
(1) Geol. and Natl. Hist. Surv. Minn. Final Rep, 
vol.III, pt.II. Int.
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Ctenodonta bed. This bed, 10 feet in thickness, contains 
considerable iron, and can be readily recognized by the red or 
brown color of the fossils and weathered slabs. The Bryozoa which 
were so abundant in the former bed are almost entirely wanting, 
while Pelecypods predominate in the fauna.
Phylloporina bed. This bed is from 10 to 15 feet thick 
in southeastern Minnesota and resembles the Rhinidictya bed in com­
position, but the Bryozoa are mostly Monticuliporoids, of which 
Phylloporina corticosa is the most common.
Fucoid bed. This bed may be considered as transitional 
from the Black River to the Trenton, but its fauna is allied to the 
former. It contains numerous impressions of the fucoid Canarocla- 
dia rugosa, which is the characteristic fossil.
The Galena Limestone
1
This formation was named and described by Hall in 1858,
who considered it a local member of the Upper Trenton. Walcott
2
later correlated the Galena with the Utica slate of New York, Win- 
chell and Ulrich, considered it equivalent to the whole of the Tren­
ton of New York and Canada.
In Minnesota this group is divisible into three portions 
as follows:
(1) Geol. of Iowa, vol.I, pt.I, p.60.
(2) Trans. Albany Just (1878): pp.1-17.
45
Clitambonites bed. Consisting of light green or drab 
shales, with intercalated limestone lenses, from 15 to 20 feet in 
thickness. The characteristic fossils are Collopora ampla, Erido- 
trypa insularis, Orthis meedsi, Clitambonites diversa and Plectam- 
bonites minnesotensis.
Fusispira bed. This is the most important division of 
the Galena in Minnesota. It consists of dolomitic layers 3 to 36 
inches thick, containing Fusispira inflata, Lingula iowensis, Ra- 
fenesquina deltoidea,Plectambonites gibbosa, Hormatoma bellicincta 
and Receptaculites oweni.
Maclurea bed. This is a bed of buff magnesian limestone 
averaging 50 feet in thickness. The fossils consist mostly of 
casts of large gastropods, of which Maclurea crassa, Maclurina ca- 
neata and Lophospira angustina are characteristic.
The Maquoketa Shale
This formation was correlated by Hall with the Hudson
1
River deposits of New York in 1858 . Some time later White rein­
vestigated the rocks and fossils of the formation and referred them
to the same age as the rocks at Cincinnati, Ohio, and named them 
2 3
the Maquoketa . In 1890, James described this formation, enumer-
(1) Geol. Iowa, vol.I, pt.I, p.64.
(2) Geol. Iowa, vol.I, p.180.
(3) Am. Geol., vol.V, pp.335-356.
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ated its fossils, discussed its relations, and urged that the name 
Maquoketa he abandoned for that of Cincinnati. The Maquoketa is 
now known to represent only the upper of Richmond stage of the Cin­
cinnatian series. It was deposited in a different basin from that 
in which the Cincinnatian strata in Ohio were laid down and hence 
belongs to a different geological province. These rocks occur over 
extensive areas in Minnesota, Wisconsin, Iowa and Illinois. In 
nearly every place they consist of a thick bed of grayish and blue, 
calcareous shales, with occasional layers of limestone. There is
a remarkable variability of the faune of the Maquoketa in the Upper
. /
Mississippi Valley, although some of the species are wide spread 
in this region. In Minnesota the formation is represented by only 
a few isolated patches of thin bedded shales, the remainder doubt­
less having been eroded away during the long Silurian period in
which this area was a land surface previous to the deposition of
*the overlying Devonian strata.
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